Iberia (
). Mineral assemblages equilibrated at high-P-low-to intermediate-T conditions were found by several authors in different lithological units in the northern half of the Malpica-Tui unit, from eclogites to orthogneisses and metasediments (van der Wegen, 1978; Gil Ibarguchi and Ortega, 1985; . Peak pressure conditions of 2.5 GPa and 640 °C (Rodríguez Aller et al., 1997b) were followed by an isothermal decompression during their ascent (Matte, 1998; ) in a similar way as other equivalent tectonic units in Brittany (Ballèvre et al., 1994) . All the allochthonous high-P units are bounded by greenschist facies shear zones and show internal deformation in the form of a generalized tectonic fabric, that in the Malpica-Tui unit is associated with a strong stretching lineation oriented parallel to the structural trend of the belt, i.e., that deµned by the boundaries of the different tectonic elements, including the suture zone.
Several signiµcant structures that affect the regional foliation in the rocks of the Malpica-Tui unit in its northern half are described here: a recumbent fold of hectometric scale, a westdipping and discrete basal shear zone below the Malpica-Tui unit, shear bands associated with low-angle normal faults, and open to close folds with subvertical axial planes (often associated with later subvertical strike-slip shear zones). In agreement with the geometric relations and the P-T conditions during their development, the mentioned structures are associated with two distinct tectonic processes that are inferred to have occurred at different depths: exhumation (foliation, lineation, and recumbent folding) and emplacement (basal shear zone, shear bands, and low-angle normal faults).
While the kinematics during the last tectonic stage, i.e., emplacement, indicate movement of units roughly toward the foreland (east), the previous exhumation stage has some particulari- Julivert et al. (1972) for southern branch and on Martínez Catalán (1990) for its correlation in France. Reconstruction of position of Iberian Peninsula in Barremian-early Aptian time (ca. 125 Ma) is from Olivet (1996) . High-pressure nappes are also found in Badajoz-Córdoba shear zones (BCSZ) and in boundary between Ossa-Morena and Central Iberian zones (see text for basic references). MLL is Malpica-Lamego Line. In latter, late oblique strikeslip shear zones produce reorientation of lineation in shear zones and antithetic rotation in domains bounded by them. Clear oblique relations with lineation in underlying rocks are seen in some domains, sometimes related to late faulting. Numbered grid corresponds to Spanish Geographical Institute 1:50,000 scale maps. Numbers in boxes refer to sample locations. ties as the stretching lineation forms approximately parallel to the trace of major tectonic element boundaries. We present in the discussion an alternative interpretation for the development of extensive fabrics distinct to simple shear, suggesting that internal deformation of tectonic slices during the exhumation process departs strongly from the simple shear regime and approaches more general noncoaxial type of ×ow, with the stretching (maximum µnite deformation) oblique or perpendicular to tectonic transport, the latter being related to the noncoaxial component of deformation. This has some signiµcant implications in the interpretation of generalized deformation in other parts of the hinterlands of the Variscan Belt and in equivalent geodynamic settings (i.e., indentation tectonics) in other collisional orogens.
TECTONIC FRAMEWORK: THE VARISCAN BELT IN NORTHWESTERN IBERIA
The most prominent tectonic feature of the Variscan Belt in southwestern Europe is the Ibero-Armorican arc, a bend of more than 180° in the Variscan orogen (Ries et al., 1980; Iglesias and Ribeiro, 1981; Matte and Burg, 1981; Brun and Burg, 1982; Burg et al., 1987; Dias and Ribeiro, 1995) . This megaarc structure is associated with the Variscan collision, formed during the indentation of the Iberian plate against Laurentia, and it has been compared to similar structures (i.e., syntaxis) in the Himalayas (Matte, 1986 (Matte, , 1991 . It is formed by two branches, the Armorican Massif to the north and the Iberian Massif to the south, that are discussed in more detail here (Fig. 1) .
In the Iberian Peninsula the Variscan Belt has been divided into zones (Julivert et al., 1972) : from the east, where the foreland fold and thrust belt is situated (the Cantabrian zone), and to the west, where the inner parts of the orogen are exposed (Fig.  1) . A general increase in deformation, metamorphism, and magmatism occurs in the same direction.
According to the preservation of ophiolitic rock sequences, two major Variscan suture zones have been identiµed in this massif: (1) the boundary between the Ossa-Morena and South Portuguese zones in southwestern Iberia (Ribeiro et al., 1990; Crespo-Blanc and Orozco, 1991; Fonseca and Ribeiro, 1993) and (2) the allochthonous complexes of northwestern Iberia (Ries and Shackleton, 1971; Ribeiro et al., 1990; Pérez-Estaún et al., 1991; Díaz García et al., 1999; Marcos and Farias, 1999) . Both have been related with the closure of an ocean, the Rheic ocean, formerly to the west in present-day coordinates . The ordering of nappes and the asymmetry and vergence of the structures seen in the footwall of the suture in northwestern Iberia (Pérez-Estaún et al., 1991) and the likely location of the root zone of the allochthonous complexes to the west (Ries and Shackleton, 1971) seem to indicate that the subduction zone during the Variscan event dipped to the west, although a more complex subduction zone with an east-dipping Wadati-Benioff plane has been suggested by others (Ribeiro et al., 1990; Dias and Ribeiro, 1995) . The tectonic evolution of the Variscan orogen in the Iberian section is far more complicated than this, in part due to the strong strike-slip reworking during ongoing indentation that obscures lithological correlations between different zones, and led some authors to propose as a previous suture zone another crustal-scale shear zone in the boundary between the Central Iberian and Ossa-Morena zones, the Badajoz-Córdoba shear zone, which also contains allochthonous units with high-P-low-to intermediate-T metamorphic records (Ábalos et al., 1991; Azor et al., 1994) .
Allochthonous complexes
The allochthonous complexes of northwestern Iberia (Cabo Ortegal, Órdenes, Morais, Bragança, and Malpica-Tui) are crystalline nappes with high-P and related rocks above the Central Iberian zone (Fig. 1) . They are composed of a number of units, or tectonic slices, that can be simpliµed into three groups according to their tectonometamorphic afµnities. From bottom to top of the nappe pile, these are: (1) the paraautochthon (Ribeiro et al., 1990 ) and the basal units, which belong to the Gondwana realm; (2) the ophiolithic units, relics of a former oceanic crust that now delineate the suture zone; and (3) the exotic terranes, of western provenance, in the highest position (a thinned upper mantle-lower crustal section at the bottom and a thinned medium to upper crustal section at the top). The present distribution of the allochthonous complexes seen in Figure 1 evidences a minimum overlap of 200 km during the Variscan convergence, regarding the limit between the Ossa-Morena zone and South Portuguese zone as the main suture zone and the root zone for the nappes.
Malpica-Tui unit in the basal units
The term "basal units" (after Martínez Catalán et al., 1996) includes a number of tectonic slices within the allochthonous complexes with a metamorphic record of high P and low-to intermediate T (a high P/T metamorphic ratio) that is unequally distributed and preserved. In northwestern Iberia the only eclogites found in such units are in the Malpica-Tui unit, but other high-P parageneses have been described in the Lalín-Forcarei unit (Arenas et al., 1995) and the Centro-Trasmontan unit (Munhá et al., 1984; Gil Ibarguchi and Dallmeyer, 1991) . The basal units are regarded as allochthonous over their relative autochthon situated underneath, the paraautochthon, without a metamorphic record of peak high-P-low-to intermediate-T conditions.
The evidences of high-P metamorphism in these rocks are preserved as relics and are mostly reequilibrated during amphibolite and greenschist facies regional deformation (presumably related to the exhumation process) or during later lower P-high-T metamorphism associated with pervasive granite intrusions and related deformation. Peak high-P-low-to intermediate-T metamorphic conditions are not recorded in all the rocks forming part of the Malpica-Tui unit and the basal units as a whole (e.g., as documented by Floor [1966] in the southern half of the MalpicaTui unit). As shown in Figure 3 , the P-T paths in different parts of the basal units of northwestern Iberia indicate that not all rocks were subjected to the same pressure (to a certain extent representing depth), and therefore the metamorphic and structural records (or µnite strain history) during their exhumation might not be the same (also inferred from the distinct P-T trajectories of Malpica-Tui unit and similar units in the Órdenes Complex, with more complex tectonic history; see Martínez Catalán et al., 1996) .
The rock sequences that formed the Malpica-Tui unit and the rest of basal units within northwestern Iberia are composed of metasediments alternating schists and feldspathic sandstones (metagraywackes ; Floor 1966) and include a number of metavolcanic and intrusive bodies, from basic to acid. Martínez (1996) ; data from Gil Ibarguchi and Dallmeyer (1991) are used to infer path in Centro-Trasmontan unit (CTU); and data from van der Wegen (1978), Gil Ibarguchi and Ortega (1985) , Gil Rodríguez Aller et al. (1997b) are used to build path for Malpica-Tui unit (MTU) as whole (note that there is one discordant estimate of P and T from Rodríguez Aller et al. [1997b] in schists from Malpica-Tui unit, shown in graph with black star).
Phases of deformation to the footwall of the suture
Traditionally, three deformation phases are used in the description of structures related to the Variscan Belt of northwestern Iberia in the transition from the external to the internal parts of the orogen (Matte, 1968; Marcos, 1973; Bastida et al., 1984; Pérez-Estaún et al., 1991) : D1 refers to extensive foliation development (at regional scale) and recumbent folding, D2 refers to thrusting of nappes, and D3 refers to late subvertical folding with local crenulation. Although it might be too simple, we can generally apply this scheme to the hinterlands of the orogen, in particular to the footwall of the suture, introducing the appropriate qualiµcations. According to this, D1 refers to internal deformation of nappes and tectonic slices accompanied by extensive regional metamorphism from high pressure to medium pressure and includes as major structures a regional tectonic fabric (with variably developed lineation) and recumbent folding. D2 includes discrete shear zones as thrusts. D3 refers to subvertical shear zones (with signiµcant strike-slip history) as well as subvertical folding (usually in domains bounded by the shear zones). Although with some exceptions, for example whether recumbent folds are associated to thrusts or whether normal faulting occurs before, during, or after thrusting, it applies reasonably well at the orogen scale. The major difference with the tectonic framework in the external zones is the role of metamorphism and magmatism in the geometry of structures and the diachronism of deformation phases across the orogen: D1 occurs earlier in the hinterlands than in the external zones (see Dallmeyer et al., 1997) .
In general, D1 is contemporaneous with extensive metamorphism, which has a relatively high P/T ratio, and with some exceptions D2 is often too discrete to include in a discussion about regional metamorphism; however, deformation usually occurs in greenschist facies, as does deformation in D3 shear zones. Magmatism during D2-D3, µrst with the localized intrusion of calc-alkaline batholiths in shear zones and second with the extensive intrusion of two-mica granites, modiµes locally this scheme for the latest deformation phase, and some D3 structures are strongly ductile.
Time limitations on deformation events
The available geochronological data on certain Variscan events help to establish broad limits to the different deformation episodes. The age of the high-P-low-to intermediate-T event from Malpica-Tui unit rocks has been calculated by several authors and yielded ages in the range 365-360 Ma, although higher age values (370 Ma) have been estimated (van Calsteren et al., 1979; Santos Zalduegui et al. 1995; Rodríguez Aller et al., 1997a . Except for Santos Zalduegui et al. (1995) , who used UPb zircon dating, these ages were obtained using white mica in eclogites and eclogitic rocks (Rb-Sr, K-Ar, and Ar-Ar methods). The isothermal decompression during exhumation of the Malpica-Tui unit (Fig. 3) , above the closure temperature for the different methods in white mica (McDougall and Harrison, 1999) , and the strong retrogression seen in the rocks (biotite rims around white mica) lead us to treat these data with caution, because they may indicate minimum ages for the high-P metamorphic event (seen in the results of Rodríguez Aller et al., 1997a) .
The µnal emplacement of high-P-low-to intermediate-T rocks by means of a greenschist facies shear zone (i.e., basal shear zone) must be older than the overprinting strike-slip deformation and the intrusion of I-type granodiorites related to some of the crustal-scale shear zones that nucleated strikeslip tectonics (Llana-Fúnez and Marcos, 2001) . Variscan granodiorite batholiths intruded ca. 350 Ma (Serrano Pinto et al., 1987; Bellido et al., 1992; Gallastegui, 1993) , and therefore represent upper time boundaries for the µnal emplacement of the Malpica-Tui unit.
In summary, the available geochronological data, with minimum ages (?) of 370-365 Ma for the high-P-low-to intermediate-T event and 350 Ma for the beginning of postnappe tectonics, allow us to broadly deµne a minimum period of 15-20 m.y. for the process of exhumation of Malpica-Tui unit from high-P conditions to the middle crust.
MALPICA-TUI UNIT: GENERAL STRUCTURE, LITHOLOGY, AND METAMORPHISM
The Malpica-Tui unit extends 150 km approximately northsouth, parallel to the trend of structures in the Variscan orogen in northwestern Iberia with an average width of 10 km (Fig. 1) . It was previously deµned as the Complejo Antiguo (Parga Pondal, 1960) and Blastomylonitic graben (den Tex and Floor, 1967) due to the strong development of a stretching lineation in orthogneisses and the fact that it was not migmatized in most of its parts in contrast with the surrounding regions. Strain and metamorphic changes associated with the major regional deformation stage (D1) are better preserved to the north of the unit, and thermal reequilibration related to (late) Variscan migmatization and two-mica granite intrusions increase their effect on previous structures to the south (syn-D3). Because the sequence dips slightly to the north, this means that effects of D1 deformation increase toward the top of the pile and D3 thermal reequilibration increases toward the lower parts.
The cartographic pattern seen in Figure 1 is determined by the development of the Malpica-Lamego line, which is currently its western boundary (Llana-Fúnez and Marcos, 2001 ). This subvertical crustal-scale shear zone formed after the emplacement of the crystalline nappes in relation with intracontinental deformation within the Variscan Belt and it is regarded as a typical D3 structure in the previously mentioned tectonic scheme.
Lithologically, the Malpica-Tui unit is composed of a sequence of predominantly schistose metasedimentary rocks wherein centimetric paragneiss and micaschist bands alternate. The relative abundance of plagioclase blasts determines this compositional banding and might re×ect original sedimentary layering; however, the development of isoclinal folds ( Fig. 4A ) and the strong recrystallization observed in most of the sections cannot preclude a tectonic origin for the banding. Several amphibolite lenses and different types of acidic rocks of igneous origin are included in the sequence and are parallel to the general foliation. The strong ductile deformation affecting most of these rocks obscured their original relationships with the metasediments. At least three types of quartz-feldspathic gneisses have been differentiated in the literature according to their geochemical features: µne-grained gneisses of calc-alkaline nature (Pin et al., 1992) ; A-type alkaline and peralkaline orthogneisses (Ribeiro and Floor, 1987) ; and coarse-grained calcalkaline orthogneisses with primary biotite (Pin et al., 1992) . Both calc-alkaline and peralkaline orthogneisses show a strong mylonitic fabric, variously recrystallized, that is parallel to the foliation in the metasediments; they appear as layered bodies within them (Floor, 1966) . In contrast, the coarse-grained calcalkaline gneisses with primary biotite appear as elongated thick granitic bodies that preserve the inner parts nearly undeformed and the edges strongly foliated (see the latter in Fig. 4B ). The nature of the metasediments and the different magmatic pulses that originated the intrusions were related to a rifting episode during the Ordovician by Ribeiro and Floor (1987) .
High-P metamorphism
High-P-low-to intermediate-T mineral assemblages have been found partially preserved in eclogite lenses within the µne-grained orthogneisses (van der Wegen, 1978; Gil Ibarguchi and Ortega, 1985) (Fig. 4C) , in the undeformed parts of coarsegrained calc-alkaline orthogneisses , in the micaschists (Rodríguez Aller et al., 1997b) , and as inclusions within albite blasts (in the Lalín-Forcarei unit, an equivalent unit of Malpica-Tui unit in the Órdenes Complex; Arenas et al., 1995) . However, most of the rocks forming the Malpica-Tui unit are reequilibrated in amphibolite facies or in greenschist facies, and high-P assemblages are not easy to identify in the µeld. The heterogeneity of the distribution of high-P metamorphism and its subsequent deformation during the exhumation allowed in the Malpica-Tui unit the preservation of primary sedimentary structures ), acritarchs (Fombella Blanco, 1984) , and a wide range of intermediate-P-low-T metamorphic assemblages extended regionally. Within the Malpica-Tui unit, the boundaries among what can be regarded as subunits, with different peak pressures, are not easily identify in the µeld, due to poor exposure conditions and to the strong strike-slip reworking; however by analogy with the discrete lower boundary of the Malpica-Tui unit, the basal shear zone, they are thought to be also developed in greenschist facies during the µnal emplacement of nappes at mid-crustal depths, and therefore after the exhumation process.
STRUCTURES IN MALPICA-TUI UNIT
In this section we describe the structures found in the rocks of the Malpica-Tui unit according to their likely order of appearance and the grade of ductility, thought to be developed dur-ing their ascent from high-P conditions. This order is not always straightforward and is treated with more detail in the discussion in connection with the geodynamic setting.
Internal deformation of the Malpica-Tui unit: The regional tectonic fabric
The rocks of the Malpica-Tui unit and those underlying it, the upper part of the paraautochthon, show a pervasive and extensive tectonic foliation that is parallel to the compositional banding and lithological boundaries. The foliation has an associated lineation of different nature depending on the type of rock: stretching of polycrystalline aggregates of quartz, plagioclase, and K-feldspar in orthogneisses (Fig. 4, B and D) , mineral orientation of blue-green amphibole in amphibolites, and stretching (quartz) or intersection (white mica and late mimetic biotite) in schists and paragneisses. Tectonic fabrics are varied: linear to planolinear in orthogneisses (Fig. 4D ), planar to plano- long linear in schists and paragneisses (respectively), and planolinear in amphibolites. All these different lineation types (stretching, mineral orientation, and intersection) in extensive foliated domains are consistently oriented parallel to the trend of the major structures in the orogen (Fig. 2) .
Structural record during exhumation and emplacement of high-pressure-low-to intermediate-temperature rocks
A range of mineral associations can be described in relation or in equilibrium with the main fabric in the different lithological types. high-P-low-to intermediate-T assemblages have been described in foliated eclogites (omphacite, garnet, rutile, quartz, white mica, and clinozoisite; van der Wegen, 1978; Gil Ibarguchi and Ortega, 1985) and schists (white mica, garnet, rutile, cloritoid; Rodríguez Aller et al., 1997b) . In both cases, fabrics are planar and present a weak lineation in the µeld, if visible at all. However, more commonly mylonitic fabrics have developed under amphibolite facies conditions in the orthogneisses (LS and SL) or reequilibrated in greenschist facies in schists and paragneisses (S and SL). In the former, quartz, K-feldspar, and plagioclase show simultaneously evidence of dynamic recrystallization, indicating a range of temperatures during deformation of ~500-550 °C (Srivastava and Mitra, 1996) , consistent with the temperature during the exhumation path of the Malpica-Tui unit shown in Figure 3 . In the latter, massive growth of plagioclase, development of biotite coronas around metamorphic white micas, and appearance of secondary white mica and chlorite and ilmenite after rutile indicate retrogression in greenschist facies.
In general, the evidence of high-P-low-to intermediate-T metamorphism in these rocks appears as relic mineral assemblages in domains surrounded by the main fabric, which shows deformation in amphibolite facies conditions during its main development and further retrogression in greenschist facies. The changing equilibrium P-T conditions during the formation of the regional foliation and the regional consistency of its orientation pattern along the Malpica-Tui unit led us to relate this structure with the exhumation of this unit from high-P conditions.
An internal foliation, seen in porphyroblasts of plagioclase (in schists and paragneisses) and garnet (in layered amphibolites), often shows continuity with the main fabric outside the blasts. This preserved foliation probably represents an earlier stage in the main fabric development, protected from changes associated to deformation by crystal growth of plagioclase and garnet, as shown by Arenas et al. (1995) in plagioclase blasts from the Lalín-Forcarei unit, farther to the east in the Órdenes Complex.
The kinematics during regional deformation, with regard to sense of shear, is difµcult to establish in a setting such as this, where recumbent folds occur (though not always is recognized locally due to poor exposure conditions). Because this microstructural study is treated in more detail in another paper (Llana-Fúnez, 2002 ), we will only give some key aspects of it here. Some observed structures and strain features in the rocks such as the west-dipping foliation, the plastic deformation in quartz (with development of crystallographic preferred orientation, CPO), and some C′ shear bands in orthogneisses do not
132
S. Llana-Fúnez and A. Marcos provide enough useful information about the kinematics. The mapping of quartz c-axis textures in relation with the regional foliation shows patterns and the presence of two perpendicular asymmetries represented synthetically in Figure 5 . This apparent composite nature of textures might be interpreted as due to the accumulation of two consecutive and distinct noncoaxial ×ows during deformation of quartz (the µrst predominant with the noncoaxial component of deformation perpendicular to the lineation and the second with the noncoaxial component parallel to the lineation) or as a result of (triclinic) deformation under three-dimensional general ×ow (Llana-Fúnez, 2002) . Asymmetry in quartz c-axis textures parallel to the lineation in the long limb of a recumbent fold indicates that top moves to the north, in agreement with the sense indicated by C' shear bands in orthogneisses in the same structural orientation. This probably represents a late stage in the exhumation process and not the major part of it (further discussion following).
Internal deformation of the Malpica-Tui unit: Recumbent folding
The presence of a recumbent fold of hectometric scale is inferred from the geological map of the northernmost coastal section of the Malpica-Tui unit and from a cross section along this coast (the fold axis plunges an average 7° to N23E and therefore almost perpendicular to the coast, more or less east-west; Fig. 6 , A and C; Llana-Fúnez, 1997). The sequence of rocks in the eastern long limb, formed by µne-grained calc-alkaline orthogneisses at the base and interlayered amphibolites and schists at the top, appears inverted in the western short limb over ~1 km (Fig. 6, B and C). The fold axis plunges ~7°-10° to the north-northeast, subparallel to the trend of other structures (e.g., lineations), allowing the observation of its periclinal closure to the south (Fig. 6C) . Because there is only one hinge and no way-up criteria have been found in these rocks, no vergence could be inferred from the shape of the fold. In contrast to other large-scale recumbent folds described in the high-P-low-to intermediate-T units in the Ór-denes Complex (Martínez Catalán et al., 1996) , no transect cleavage has been observed in relation to this recumbent fold.
Some decimetric to metric folds occurred in the µner grained calc-alkaline orthogneisses and nucleated around the maµc inclusions (Fig. 4C) , where high-P-low-to intermediate-T mineral assemblages are partially preserved (Gil Ibarguchi and Ortega, 1985) . These folds show opposite asymmetries in the limbs of the recumbent fold and are therefore associated here with it as minor folds. In contrast to the major fold axis, the minor fold axes, plunging north-northwest to south-southeast, are curved in one locality (with a dispersion to 40°) (Molinos de Ceán; see Fig. 6 , B and C) and fold slightly the previous stretching lineation in the orthogneisses (also indicated by Alonso and González, 1982) .
By analogy with the recumbent folds that affect a similar sequence of rocks farther to the east in the Lalín-Forcarei unit (see Figs. 4 and 6 in Martínez-Catalán et al., 1996) , the general tectonic transport is thought to be perpendicular to the fold axis, i.e., to the east in present coordinates. The tectonic transport direction inferred from the dispersion of minor fold axes in Molinos de Ceán is west-southwest to east-northeast (Fig. 6B) . The validity of this direction as tectonic transport is corroborated (with a slight difference in orientation) by the orientation of the noncoaxial component of plastic deformation in quartz in a late vein, parallel to the previous mylonitic fabric, that have been folded during this episode. The texture pattern of the measured quartz c-axes shows a clear asymmetric crossed girdle oblique to the fold axis, which is oriented east-west, indicating a strong noncoaxial component during deformation in that particular orientation (Fig. 6B) . However, the sense of shear that can be inferred from the texture and quartz shape fabric is not considered as reliable because it is probably related to the folding mechanism that affected the vein (not necessarily related to tectonic transport; e.g., see a case in Stünitz, 1991) .
Discrete structures: The basal shear zone of the Malpica-Tui unit (D2)
The Malpica-Tui unit is separated from the underlying rocks, the paraautochthon, by a shear zone named the basal shear zone. It is strongly reworked by late subvertical strike-slip shear zones and intruded by two-mica granites and pegmatite veins, but it preserves in certain key locations a previous structural geometry. In such cases, a deformation zone of several tens of meters in width, dipping 40°-50° to the west, is seen with foliations in both hanging wall and footwall parallel to the tectonic boundary. This deformation affects the metasediments and is characterized by retrograde features: white mica grains are recrystallized and reoriented with the foliation; undeformed pseudoclasts of quartz ×oat and coexist with a plastically deformed matrix of µne-grained quartz (Fig. 4E) ; and plagioclase porphyroblasts show pressure solution in surfaces parallel to the foliation.
The tectonic foliation in the shear zone has an associated stretching lineation deµned by quartz. This lineation in most cases is oriented subparallel to the trace of the structure, following the trace of the shear zone (parallel to strike of foliation). However, some oblique orientations have been found, especially in the rocks belonging to the footwall, that may indicate a previous oblique orientation of the stretching lineation (Fig. 2) . Effects of plastic deformation in quartz were studied measuring caxes in a section parallel to this stretching lineation. The c-axis texture patterns in Figure 7 show a bulk texture dominated by an asymmetric small circle girdle around the Z axis that indicates a top-to-the-southeast sense of shear. There is a strong domainal deformation of quartz, with even different kinematics (as the orientation of the crossed girdle in domain O seems to suggest, perpendicular to the structural reference frame, i.e., foliation and lineation) that indicates deformation in greenschist facies conditions.
The observed kinematic criteria, the dip of the shear zone, and the metamorphic differences between hanging and footwall rocks indicate that the basal shear zone is a thrust directed toward the foreland, to the east (Ortega and Gil Ibarguchi, 1983; González-Lodeiro et al., 1984; ). Similar obliquity in the orientation of the lineation and in conditions of deformation has been observed in similar shear zones bounding tectonic units in other allochthonous complexes (Matte, 1986; Burg et al., 1987; Martínez Catalán et al., 1996; Marcos and Farias, 1999) .
Discrete structures: C′ ′ shear bands and low-angle normal faults (D2-D3)
C′ shear bands with millimetric and centimetric spacing appear in micaschists in the northernmost section of Malpica-Tui unit rocks, in a 100-m-thick deformation band (Fig. 4E) , associated with relatively low-angle normal faults (in the sense of McClay and Ellis, 1987) with similar kinematics (top to the west; Figs. 6 and 8) (Llana-Fúnez, 1997) . These structures were only found in the long limb of the recumbent fold, so no clear relative time relations with this fold and the basal shear zone can be established with certainty. Faults have basically developed in schists and the tectonites according to the classiµcation of Sibson (1977) , and are characterized by crush breccias in the brittle-ductile transition.
The cross section in Figure 6B shows open folds with very gently dipping axial planes and a strong vergence to the east, affected by later upright ones. Our interpretation is that these folds formed initially due to the presence of ×ats and ramps in the lowangle normal faults (Fig. 8) ).
Open folds with subvertical axial planes (D3)
Late open and upright folds affect the structures described until D3. These folds are widespread in northwestern Iberia and are considered as a late deformation phase (D3) in the Variscan Belt (Matte, 1968; Bastida et al., 1984) . The axes of these folds are parallel or subparallel to the previous linear structures in this part of the chain, indicating homoaxiality during polyphase deformation in these rocks (e.g., see Bastida et al., 1993) . In the study area, these folds appear in domains bounded by subvertical strike-slip shear zones and have been associated with the same tectonic event (Llana-Fúnez and Marcos, 2001) . As expected, they produce at different scales type-3 fold interferences (Ramsay, 1967) with the previous recumbent folds (Figs. 4A and 6B) . According to this late compressive event, a little inversion effect in the previous low-angle normal faults cannot be discarded.
DISCUSSION

Tectonic features of the exhumation and emplacement processes
The number of structures in Malpica-Tui unit rocks described herein during the evolution of the Variscan orogen were separated into two classes: a µrst type of structures that re×ect internal deformation of thrust sheets (D1) and a second one, where strain is concentrated or partitioned in discrete deformation zones (and related structures) that bound the thrust sheets or crystalline nappes (D2). Both stages are thought to be separate but consecutive in time, and they are envisaged to occur in the same tectonic process as a consequence of progressive deformation in a somehow changing environment during the ascent through the crust of Malpica-Tui unit rocks, from high-P-low-to intermediate-T conditions to middle crustal depths. Figure 7 . Microstructure of polycrystalline aggregate of quartz in mylonitized granite from basal shear zone of Malpica-Tui unit. Stretching lineation is oblique to general trend of belt (sample locality 141 in Fig. 2) . Bulk quartz c-axis texture shows predominance of c-axis in basal positions and weak crossed girdle indicating asymmetry parallel to lineation and tectonic transport of top-to-southeast. Domainal deformation of quartz aggregate (domains M, N, and O) accounts for heterogeneity of deformation in shear zone; crossed girdles in separate domains are oblique to reference frame, foliation, and lineation in rock.
Structural record during exhumation and emplacement of high-pressure-low-to intermediate-temperature rocks
The mechanism that triggers the change in style from extensive and pervasive deformation within the nappes or tectonic slices to a more discrete type in their bounding shear zones is not known with certainty. At the present state of knowledge, the isothermal decompression recorded in Malpica-Tui unit rocks during their exhumation, as illustrated in Figure 3 , excludes a strong change in temperature as the main cause of deformation partitioning and leaves the decreasing pressure and particularly the in×ux of ×uids and high rates of deformation as the most probable causes of this change of behavior, occurring likely in the brittle-ductile transition in the middle crust. This transition can be associated with an increase of heterogeneity in deformation that ends with concentration of deformation in discrete shear zones. Heterogeneity is also a major feature of regional deformation in the Malpica-Tui unit and is probably favored by the speed of these processes, from burial to exhumation, that in some orogens reach values of the same order of magnitude as plate motions (Duchene et al., 1997; Gebauer et al., 1997) .
The process of the exhumation of Malpica-Tui unit high-P-low-to intermediate-T rocks gives rise to some other interesting points that we try to address. Some of these are as follows.
1. The tectonic fabric observed in Malpica-Tui unit eclogites evidences that deformation was occurring at a deep part of the Variscan orogenic wedge. 2. The distribution of strain features during burial and exhumation is strongly heterogeneous, allowing the preservation not only of high-P-low-to intermediate-T mineral assemblages but also of previous primary features (as igneous textures and sedimentary structures).
3. During the stage of extensive ductile deformation, rocks have to ascend from deep levels in the wedge (at pressures to 2.5 GPa) to middle crustal depths while traveling to the east (the root zone is situated to the west) in a relatively short period of time. This is also true in the tectonic models that suggest oblique collision for the Variscan Belt (Badham and Halls, 1975; Badham, 1982; Martínez Catalán, 1990) .
4. Although some shortening occurs perpendicular to the rock sequence (thus implying thinning of the pile of rocks, not necessarily extension at horizontal orientation), maximum µnite stretching within the Malpica-Tui unit is consistently subhorizontal and parallel to the structural grain of the orogen and therefore, to a certain extent, parallel to the boundaries of the colliding continents.
5. Stretching lineations during exhumation and emplacement are oriented at high angles (almost perpendicular) to each other, but there is no evidence to support such a substantial change in direction of compression and tectonic transport for this period (if developed in simple shear).
The rest of the structural and kinematic history involves the development of discrete structures bounding different thrust sheet-like bodies. To this stage is ascribed the formation of the basal shear zone and its likely associated minor structures on the hanging wall (including low-angle normal back-faulting), prior to the later strong intracontinental tectonics.
Kinematics of deformation during the exhumation and emplacement processes
In simple shear ×ow, the maximum stretching axis after strain accumulation (lineation) is oriented or tends to rotate within the XZ plane toward parallelism with the direction of tectonic transport (Passchier, 1998) . This type of ×ow, however, is a particular case and is "strongly sensitive to small deviations from ideal conditions," according to recent theoretical simulations (Passchier, 1998) : the orientation of the stretching lineation toward the tectonic transport direction depends on the vorticity of the ×ow, the extrusion factor, and the mode of accumulation of µnite strain in the rocks (Passchier, 1997) . The homoaxiality of the deformation phases on Malpica-Tui unit rocks (also in northwestern Iberia as a whole) makes acceptable the assumption that the regional ×ow parameters are constant (orientation of compression and shortening during D1, D2, and D3) and that the accumulation of µnite strain (µnite strain ellipsoid) would only be dependent on the value of these parameters and on the time of accumulation (following Passchier, 1998) .
If ×ow parameters are steady during progressive deformation, then the accumulation of µnite strain leads to two stable types of fabrics in rocks: Xi and Yi shear-zone segments (Passchier, 1998 ). In the µrst type, maximum µnite strain will be perpendicular to the direction of tectonic transport (b lineation), while in the second it will be parallel (a lineation). The latter would be closer to the simple shear model applied by default in deformed rocks (although developed for shear zones by Ramsay and Graham, 1970 ). It is not yet possible to quantify the vorticity and the extrusion number of nondiscrete deformation in Malpica-Tui unit rocks, but some qualiµcations are feasible that lead us to suggest that the ×ow during extensive deformation is closer to Xi (b lineation) than to Yi. First, there is the strong stretching parallel to the orogen, normal or to a certain degree oblique to tectonic transport, inferred from the allochthonous character of the complexes and the location of their root zone. Second, there is the development of an asymmetry in quartz caxis textures oriented east-west (perpendicular to the stretching lineation) during extensive deformation at the beginning of the exhumation (Llana-Fúnez, 2002 ).
If we assume that the internal deformation in the MalpicaTui unit occurs under simple shear ×ow regime, the directions of tectonic transport change dramatically from the exhumation to the emplacement, as lineations are oriented at high angles to each other: structures related with an earlier exhumation stage would show maximum stretching and transport to be parallel to the orogenic wedge (therefore to colliding continent boundaries), while subsequent emplacement would show a strong transverse east-west tectonic component of movement. The µrst episode does not give any evidence of a component of tectonic transport tranverse to the orogen and it would not be consistent with the location of the allochthonous complexes at a minimum distance of 200 km to the east from their root zone in the suture situated to the west, regardless that a major transverse tectonic transport perhaps attained during the emplacement stage. Because strike-slip tectonics would not be a geodynamic setting were such high-P-low-to intermediate-T metamorphism developed and preserved (Thompson et al., 1997) , we think that some of the initial assumptions are not valid. We suggest instead that extensive ductile deformation during the exhumation process develops under a general noncoaxial ×ow regime that departs from plane strain (close to b lineation) and therefore from the simple shear model, which is an extreme case in noncoaxial deformation (see Passchier, 1997 Passchier, , 1998 . As a consequence, the regional lineation in Malpica-Tui unit rocks that would indicate ×ow direction, as suggested by others Ribeiro, 1994, 1995) , cannot be used as indicator of tectonic transport during exhumation of high-P nappes.
The assumptions given by Ramsay and Graham (1970) to the application of the simple shear model to natural SL-tectonites, i.e., discrete plane-strain deformation in planar parallelsided shear zones without wall rocks being involved, are therefore not fulµlled in the regional fabrics observed in the Malpica-Tui unit: we are examining the internal deformation of a thrust sheet-like body bounded by discrete shear zones.
With regard to the kinematic indicators showing tectonic transport to the north (some asymmetries in quartz c-axis textures and C′ shear bands in orthogneisses), a more careful detailed and widespread analysis is needed. With the scarce available data we can only suggest that it is related, at a µnal stage of the exhumation process, to lateral spreading or displacement parallel to the orogenic trend, still under a general compressive regime, simultaneously or immediately prior to the µnal emplacement of the allochthonous nappes. This is a common late feature in general compressive regimes in other orogenic belts such as the Himalayas or the Alps (Tapponier et al., 1986; Ratsbacher et al., 1991) , but it is usually accompanied by major transverse structures (e.g., Simplon line; Mancktelow, 1985; Merle et al., 1989) . These have not yet been described in northwestern Iberia at this stage of the orogenic history, although they are present as later features in relation to the late Variscan high-T and low-P metamorphism (Burg et al., 1994; Escuder Viruete et al., 1994; Díez Balda et al., 1995) .
Normal faulting, prior to the intracontinental event, is registered in the C′ shear bands and low-angle normal faults described here (Llana-Fúnez, 1997) , indicating normal sense with the hanging wall down to the west, therefore back-directed movement (Figs. 6 and 8) (see also Ribeiro et al., 1990) . Such back-directed kinematics in relatively low angle detachments in upper parts of high-P nappes in junction with thrusts in the lower parts of these nappes have been related to the extrusion of high-P rocks in other collisional settings (Burchµeld et al., 1992; Michard et al., 1993; Chemenda et al., 1995 Chemenda et al., , 1997 Grujic et al., 1996; Escher and Beaumont, 1997) . However, in our case, the style of deformation in the faults, which is typical of upper crustal levels, and the magnitude of the displacements, would not support such interpretations.
Tectonic setting
Our hypothesis for the kinematics during the exhumation of high-P rocks in the Malpica-Tui unit becomes more meaningful when we consider the tectonic setting in which the unit is placed, that provides a clear evidence of an irregular continental collision; i.e., the hinge zone of the Ibero-Armorican arc ( Fig. 1 ) (Matte and Burg, 1981; Brun and Burg, 1982; Matte, 1986; Burg et al., 1987; Ribeiro, 1994, 1995) . We give some evidence of the structural record at an early stage of the evolution of this arc, consistent with the model proposed by Dias and Ribeiro (1995) .
In recent mountain belts the indentation of stiff irregular continental plates in collisional orogens is a frequent phenomenon that leads to extrusion of material to the sides of the indentor (Tapponier and Molnar, 1976; Ratsbacher et al., 1991) , because indentation produces lateral strain and pressure gradients that cause these movements (see Mancktelow, 1993) . In such cases, deformation is not restricted to plane strain (and in consequence is different from simple shear). We suggest that the structure indicating µnite stretching related with widespread deformation at depth, i.e., the regional lineation, would delineate the ×ow lines of the extrusion of material from the hinge but not necessarily the transport direction of nappes, which would be indicated at this stage by the noncoaxial component of internal deformation within the nappes (related to the asymmetry of structures) (Fig. 9) .
One consequence of ongoing indentation is that it produces rotation in the emplacement direction of nappes along discrete shear zones as they become inactive. In the Ibero-Armorican arc such phenomena have been reported in the external zone, in the Cantabrian zone (Julivert and Arboleya, 1984; Pérez-Estaún et al., 1988) , and in the hinterlands, in the suture zone in Cabo Ortegal, where a progressive rotation of the emplacement direction was noted from a present east-west orientation at higher temperature deformation (highly transverse to orogen) to an oblique northwest-southeast orientation at lower temperature deformation (Marcos and Farias, 1999) . This general rotation in the southern branch of the Ibero-Armorican arc is not necessarily related to a general oblique collisional orogen, but it could be simply due to the progressive indentation of the Iberian plate against Laurentia, as envisaged very synthetically in Figure 9 and in Dias and Ribeiro (1995) .
Features of internal deformation in other areas related to the footwall of the suture zone
To give more consistency to the hypothesis that internal deformation in the Malpica-Tui unit did not occur under a simple shear regime but in a more general noncoaxial ×ow, we brie×y review how the kinematics of the internal deformation (D1) of Variscan crystalline nappes in northwestern Iberia is described in the footwall of the suture zone in the same orogenic wedge and discuss the data.
In the Central Iberian zone (Fig. 1) , in the hinterland of the Variscan orogen, two structures are related with the µrst phase of Variscan deformation: the regional tectonic foliation and the isoclinal and recumbent folds of kilometric scale (Matte, 1968) . Given the dimensions of this zone of the Variscan basement, the tectonic fabric presents different aspects due to different metamorphic imprints, but has structural features in common all along its extension: the fabric is parallel to lithological boundaries in the limbs of the kilometric recumbent folds and it shows stretching, deµned by quartz and deformed preorogenic objects, parallel to the structural trend of the orogen deµned by major boundaries (Matte, 1968; Díez Balda, 1986; Ribeiro, 1994, 1995; Bastida et al., 1993) . The axes of the kilometric and minor recumbent folds are also parallel to the orogen and therefore to the D1 stretching lineation. Whether stretching is previous to folding or folding has stretching parallel to fold axes has not been studied in this context of indentation tectonics; however, folds with stretching parallel to fold axes have been reproduced experimentally with analogue models (Grujic and Mancktelow, 1995) and are consistent with the tectonic framework seen before. In this context tectonic transport, approximately east-west, is deduced from asymmetry of recumbent folds (Matte, 1968) and orientation of stretching lineation in thrust planes (D2).
Moving to the outer part of the orogen, in the West Asturian Leonese zone (Fig. 1) , deformation occurs at progressively higher crustal levels, although it is still recognized as ductile in extensive domains of this slate belt. Here, fold axes of kilometric recumbent folds are still oriented parallel to the orogen, but stretching lineation does not have the same orientation and is found perpendicular to fold axes (Marcos, 1973; Marcos et al., 1980; Martínez Catalán, 1985) , indicating that rheological contrasts of layers being folded have already changed. The orientation of shortening and tectonic transport is again in this case highly transverse to the belt and it is inferred from asymmetry of fold proµles.
In summary, very similar structural features have been described in relation to the µrst deformation phase in the Variscan Belt of northwestern Iberia. They are geometrically comparable to what has been described until now in relation to internal deformation of the Malpica-Tui unit: stretching lineations and axes of kilometric recumbent folds parallel to the arc. Tectonic trans- Figure 9 . Sketch illustrating ideal development and accumulation of µnite deformation in regional lineations and likely orientation of emplacement directions in discrete shear zones (thrusts) in geodynamic settings of indentation during collision. This requires indentor (Iberia) and buttress (Laurentia) to be stiff and unconstrained margins to sides (drawings based on Ratsbacher et al., 1991) . In such tectonic setting, gradient of pressure and strain is developed from hinge of arc to outer parts; µnite stretching in widespread deformation would follow ×ow lines of this gradient.
short port transverse to the orogenic trend during D1 is therefore consistent at the scale of the section of the Variscan Belt studied.
CONCLUSION
In order to deµne the type of deformation that affected high-P-low-to intermediate-T rocks and its evolution in time during their exhumation and emplacement, a general sequence of structures recorded in Malpica-Tui unit rocks, divided in two stages, was described herein. Despite this artiµcial subdivision, deformation evolves progressively from one to the other and the structures show a decreasing grade of ductility with time as the rocks ascend through the crust. Perhaps the most relevant aspect of the ascent of these initially high pressure rocks is the style of deformation during the µrst stage. The ×ow regime during this µrst deformation stage is inferred to be not restricted to plane strain; there is a strong µnite stretching orientation parallel to the orogenic belt that is not parallel to the direction of exhumation inferred from the regional setting and is supported by some of the features of the microstructural record. This ×ow regime would not only characterize the internal deformation of Malpica-Tui unit but of most nappes below the suture of the Variscan orogen in at least its northwestern section. The main tectonic implication of such a type of ×ow in rocks is that regional lineations (including pure stretching ones) cannot be used as kinematic indicators of tectonic transport in this particular tectonic setting. This is not a new concept in structural geology (b lineations of Sander, 1950) , or in the Variscan Belt Ribeiro et al., 1990; Ribeiro, 1994, 1995) , and it has been described to occur in other deep sections of collisional orogens, e.g., the Caledonides (Gilotti and Hull, 1993) .
The subsequent deformation phases show homoaxiality with the earlier tectonic evolution (an east-west oriented compression) and indicate a general emplacement of nappes and thrust sheets toward the foreland, roughly to the east, as described in other allochthonous units in northwestern Iberia Martínez Catalán et al., 1996; Marcos and Farias, 1999) .
The data presented here and the sequence of structures deduced from their geometrical relationships put some constraints on the processes of ascent of deeply buried upper crustal rocks in relation with collisional orogens and may be of great help when reproducing these processes in experiments that usually do not take into account any of the features of the internal deformation during the exhumation of high-P nappes.
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